Nowadays, it is well-known that gastroesophageal reflux disease (GERD) has a multifactor etiology [1][2][3][4].
Introduction to heartburn and erosive esophagitis by visceral and neural dysfunction [5, 6] .
Studies showing a higher predisposition to this disease in monozygotic twins, in contrast to the dizygotic twin pairs, point to the leading role of genetically determined factors in the pathogenesis of this disease [7, 8] . Recent studies show that the course of inflammatory reactions of the organism, drug metabolism, DNA reparative processes, mutagenesis, cell cycle regulation processes, and alternative splicing are associated with the risk of GERD and its complications -Barrett's esophagus and adenocarcinoma of the esophagus [9] . The majority of works point to the necessity of the additional research using more samples to make conclusions about the role of certain genes or mechanisms [10] .
Heterotrimeric guanine nucleotide binding proteins (G proteins) transmit signals between receptors and effector proteins. Many surface-cell receptors of the neurotransmitters use G-proteins for the transduction of intracellular signaling pathways [11] . The subunits of these proteins are encoded by the entire genetic G family. Beta subunits (encoded by the GNB3 gene) are important regulators of alpha subunits as well as some signal transductor receptors and effector. Polymorphism in the 10 exons of the GNB3 825C/T gene is rather interesting [12] . The single-nucleotide polymorphism of the GNB3 gene is due to the replacement of cytosine (allele 825C) with thymine (allele 825T). In the presence of the 825T allele there is an alternative splicing: the shorter version of the mRNA called Gb3s is being expressed [13] . In this case, 123 nucleotides are absent in the given mRNA, and as a result, the protein with the deletion of 41 amino acids must be synthesized. Using RT-PCR experiments, the expression of this alternative splicing type of mRNA was confi rmed in B-lymphoblasts [12] , neutrophils [14] , and T-lymphocytes [15] .
Recent studies show that the genetic polymorphism of the GNB3 C825T gene became a factor involved in the chain of mechanisms that cause reflux [16] . The Gb3s type, which is synthesized in the presence of the 825T allele, as reported is associated with depression [17], hypertension [12] , obesity [18] , medically induced weight gain [19, 20] , although some contradictions remain.
Aim
The aim of the research was to study the peculiarities of distribution of the genotypes of C825T polymorphic loci of GNB3 gene in children with GERD at its different clinical manifestations and depending on the nutritional status markers.
Material and methods 100 children of school age formed the experimental group (mean age 10.8 ± 3.07 years), being cured of GERD in Lviv Regional Children's Clinical Hospital (MI LRCCH "OHMATDYT"). The children included 56 girls (56% ± 9.6%) and 44 boys (44% ± 9.6%).
The protocol of the study was approved by the Ethics committee of the Danylo Halytsky Lviv National Medical University (№ 10 dated December 15, 2014). All patients were informed about the study and provided written informed consent to participate in the research. All children were generally examined, all children had a somatometry with body mass index (BMI) and a standardized index (Z-score), endoscopic examination of the esophagus, stomach and duodenum, using Fujinon WG 88 FP video gastroscope, 21 children had intragastric endoscopy with pH monitoring using acid gastrographer (AG TU U 33.1-13300318-002: 2007, the manufacturer of Start Ltd., Vinnitsa) as well as genetic analysis.
The criteria for inclusion in the research group are as follows: 1) complaints: pain syndrome (rebound pain that is not associated with damage of other organs and systems, and epigastric pain), dyspeptic syndrome (heartburn, nausea, vomiting, eructation), irritable bowel syndrome (constipation, flatulence); 2) the presence of GERD was confi rmed endoscopically, according to the Savari-Miller classifi cation in Tytgat GNJ et al., 1990 modifi cation; 3) voluntary informed consent of the parents for the genetic analysis. Exclusion criteria: refusal to participate in any stage of the study.
As a control, a group of 40 healthy children of the given age (19 boys and 21 girls) was formed. The experimental materials were 40 DNA samples isolated from buccal epithelial cells.
Molecular and genetic study of the polymorphic loci C825T of GNB3 gene (the number of polymorphism in NCBI database is rs5443) was performed. The gene fragment of the 268 b.p. size was amplifi ed using primers GP-1 (sense, 5-TGACCCACTTGCCACCCGTGC-3') and GP-2 (antisense, 5'-GCAGCAGCCAGGGCTGGC-3'). In result of the PCR product proceeding by endonuclease of BseD1 restriction, fragments sized 268 b.p. 
Results and discussion
In result of the study of molecular and genetic analysis of DNA in 100 people of the given group with GERD and 40 people of the control group genotype of the polymorphic loci C825T of GNB3 gene was determined. More than a half of the children in both groups, the GNB3 825CT heterozygous genotype were detected, which according to de Vries et al. data is a factor of GERD increased risk. The results of the carried out molecular and genetic study and statistical analysis are shown in Table 1 .
Distribution of genotypes of the polymorphic loci C825T of GNB3 gene in children with GERD was similar to the determined in the control group (χ2 = 0,27, р = 0,87). The calculated GERD odds ratios depending on genotype of loci C825T of GNB3 gene are shown in Table 1 ; all of them are within the insignifi cant limits. Frequencies indicators of alleles of loci C825T of GNB3 gene in the studied groups of the children are presented in Table 2 .
As it is shown in Table 2 , frequencies of the normal C (69%) and highly functional T (31%) alleles of loci C825T of GNB3 gene were practically identical both in the studied and in the control groups. It should be mentioned that the determined distribution coincided with the data of other studies in the Caucasian population. Frequency of T allele GNB3 825C/T of polymorphism is higher in Asian populations (42-53%), than in Caucasian population (27-42%) [19, 21] . It is known that GNB3 825ТТ is associated with functional dyspepsia in the Japanese [22] Note: n -number of subjects, Р -the signifi cance of the differences in distribution of genotypes between the control and the studied groups, OR -odds ratio Note: n -number of subjects, Р -the signifi cance of the differences between the control and the studied groups, OR -odds ratio Note: n -number of subjects, P -the signifi cance of the differences in genotypes distribution, between the control and the studied groups: * -statistically signifi cant value.
Results of the statistical calculations point to the absence of signifi cant differences in polymorphic loci C825T genotype distribution both between boys and girls of the studied and the control groups, and between the groups (р > 0.05).
The distribution of genotypes of the C825T loci of GNB3 gene in the groups of patients with different GERD clinical manifestations was analyzed. The distribution of genotypes in the groups of patients with esophagitis (I-II stage according Tytgat et al. 1990 ), without esophagitis, in patients with dyspeptic symptoms and in the presence of an irritable bowel syndrome with constipation (Roman criteria IV) did not differ both from the control group data and among itself ( Table 4) . At comparing the patients with GERD by pH-monitoring results, signifi cant differences in the distribution of C825T loci genotypes of GNB3 gene (p < 0.05) were found. Among the patients with hyperacidic GERD (pH 0.86-1.59), one third had a CC genotype and there was no patients found with a TT genotype, at the same time in a group of the children with normal and hypoacidic GERD (pH 1.60-3.59) 25% of patients had a GNB3 825TT genotype. The obtained data indicate the association of the loci C825T genotype of GNB3 gene with the pH-monitoring data. The probable mechanism of such action requires additional discussion.
In accordance with a number of publications, the presence of T allele is a predisposition to obesity and hypertension factor [26, 27] . It has been shown that in the presence of T allele of C825T loci of GNB3 gene, there is an alternative splicing and increased expression of m-RNA [28] . However, Ruiz-Velasco V and Ikeda SR in their studies have shown that Gb3s protein, which is expressed from the truncated version, is functionally inactive [29] .
According to Tadayuki Oshima et al., the frequency of TT genotype was signifi cantly higher in patients with epigastric pain syndrome. The 825TT genotype, which causes increased transduction of the signal through Gb3s, can be involved in gastroduodenal motility change and dyspeptic symptoms development [25] .
Considering a signifi cant number of publications devoted to the association of C825T polymorphism with obesity and insulin resistance, the next aim of the study was to analyze the physical development markers in children with GERD. Determination of BMI (body mass index) and z-score, which displays a deviation from the mean values (Table 5 ) was carried out.
Standardized deviation index (z-score) can be positive or negative. As the data from the Table 5 show, in all genotype groups z-score mean value is negative that points to a lower than the corresponding normal markers of the nutritional status in children with GERD. BMI and z-score indexes in the groups of GERD patients with different genotype by C825T loci of GNB3 gene were similar (р > 0.05). The difference of BMI mean value between the groups with 825ТТ and 825СС genotypes approached a meaningful value (р = 0.08).
Considering that the spread of the standardized z-score deviation in children with GERD ranged from -4.36 to 1.94, it became important to analyze the proportion of patients with negative (less than average norm) and positive (normal or higher than average Note: N -numbe r of subjects; BMI -body mass index; HWE -Hardy-Weinberg equilibrium; yes/no -Hardy-Weinberg χ2 < 3.84; * -statistically significant value.
Hyperacidic GERD -intragastric pH 0,86-1,59; normal and hypoacidic GERD -intragastric pH 1,60-3,59 (n = 21). Only GERD symptoms: patients with GERD without symptoms of FD or/and IBS. Concomitant FD/IBS symptoms: GERD patients with concomitant symptoms of FD or IBS, respectively. EPSEpigastric pain syndrome. When added, these groups contain more than the total 100 patients; thisis due to the overlap between FD and IBS: 40 patients had both symptoms of FD and IBS.
norm) values of z-score in patients with different genotypes of GNB3 gene (Table 6 ). In the groups of GERD patients with 825TC and 825TT genotypes, the children having lag in physical development were predominant, 62% and 100% of them, respectively. A statistically signifi cant difference concerning the ratio of the patients with negative and positive z-score values in patients with genotypes 825CT and 825TT of GNB3 gene was found (Table 6) . Thus, in patients with GERD, the presence of 825CT and 825TT genotype of GNB3 gene can be considered as a factor of propensity to lowered physical development rates. The obtained results correlate with the found associations concerning pH-monitoring results in patients with GERD.
Conclusions 1) Distribution of the genotypes and the alleles frequency of polymorphic C825T loci of GNB3 gene in children with GERD, similar to the determined in the control group. The frequency of the allele 825T of GNB3 gene coincided in the studied group of children with GERD and the control group, and it was 31%. 2) Association between genotype of C825T loci of GNB3 gene and pH-monitoring data was found: genotype 825CC was determined mostly in the patients with hyperacidic GERD, and in the children with normal and hypoacidic GERD 825TT genotype was found more frequently.
3) Distribution of C825T loci of GNB3 gene in the groups of patients with esophagitis, without esophagitis, in patients with dyspepsia, and in case of irritable bowel syndrome with constipation did not differ from both the control group data and between itself. 4) In 39% of the patients with GERD a normal value of the nutritional status was determined, while 61% of them characterized by its delay. The presence of 825CT and 825TT genotype of GNB3 gene in patients with GERD can be considered as a propensity factor to lowered physical development rates. n -number; BMI -body mass index; М ± m -mean value and its deviation; min -the minimum value; max -the maximum value; z-score -standardized deviation 
